The "Computed Image Depth method" (CID) is proposed for converting from all kinds of twodimensional (2D) images into three dimensional (3D)
Introduction
Recently three-dimensional (3D) images have become more popular not only with the specialists but with the general people in the amusement parks.
Furthermore, the word "3D" has been more popular by the Computer Graphics techniques such as the 3D games, the PC's video technologies, the 3D-CAD systems. In the CG techniques, it is realized to make of the 3D views for left and right eye easily. In contrast, it is difhcult to get the 3D images in the real world, because a 3D camera is heavy to carry around and it is difficult to adjust the convergence, the sharpness and the zoom of the 3D camera. We thought that 3D business fields would expand if two-dimensional (2D) images could be converted into 3D images easily.
The 2D-to-3D image conversion technique using the "Modified Time Difference method" (MTD) had been developed in 1995. [1] The MTD allows to converting from 2D images into 3D images by selecting images that would be a stereo-pair according to the detected motions of objects in the input sequential images. The 2D images that have the objects with the simple horizontal motion can be converted into 3D images by the MTD, but it is not good for converting tlom the still images or the images that have the objects with the complicated motions.
So the new technique converting from these 2D images into 3D images is required.
The "Computed Image Depth method" (CID) has been developed to solve this subject. The CID allows to converting from all kinds of 2D images into 3D images.
Especially the CID is suitable for converting from still images. The 3D images are generated by computing the depth of each separated area of the input 2D images with their contrast, sharpness and chrominance with the CID.
These techniques have been implemented into a single-chip LSI for the automatic and real-time 2D-to-3D image conversion.
Modified
Time Difference method Figure 1 shows how the MTD converts from 2D images into 3D images.
In the sequences of these 2D images, a bird is flying from the lefl to the right in front of the mountains.
In this scene, if the fourth field of these images is given to the left eye and the second field is given to the right eye, the motion of the bird is perceived as the binocular parallax, whereby the bird can be seen as if it were popping out of the mountains.
This technique is based on the principle well known as the Pulfrich Effect.
In order to adapt this technique to the automatic and real-time 2D-to-3D image conversion, we had developed the MTD.
In the case such as figure 1 , the images include the objects moving toward the horizontal direction.
The result of analyzing the motion vectors that are detected from the input 2D images should decide the time difference between the left and the right eye images, and either eye that the delayed image is given to. The CID consists of the following two processes.
One is the image depth computation process that computes the image depth parameters with the contrast, the sharpness and the chrominance of the input images.
The other is the 3D image generation process that generates the 3D images according to the image depth parameters. Figure 2 shows the basic principle of the CID.
At first, each sharpness, contrast and chrominance values of the separated areas in the input images is Furthermore, when the image depth parameters are changed quickly or frequently, the converted images become hard to be watching.
Therefore, each shift value is adjusted to decrease the quick changes of the image depth parameters between the adjacent areas. As a result of these processes, the 3D images that are easy to watch can be generated.
The CID is especially suitable for converting from still images, because it does not need any motions of the objects in the images. Of course, the CID can be also adapted for the images with moving objects. 
Ada~tive Control of MTD and CID
The MTD has the feature that the converted 3D images fi-om the images with the horizontal moving object have a stereo-occlusion. The CID has the feature that any image can be converted into 3D images, but the CID can not generate a stereo-occlusion yet. So, we propose the adaptive control between the MTD and the CID in order to improve the 3D effect of the converted images. At first, each motion vector of the separated areas in the input images is analyzed. According to this analysis, if the input images have the simple motion suitable for the MTD, the MTD is used for the 2D-to-3D image conversion. In the other case, the CID is used. In the transition period between the MTD and CID, both methods are used to overlap to each other. So, the converted images have both good features of the MTD Picture 1. Sample Picture ( Highway ) and the CID. If the decision that method should be used is changed suddenly, the transition between the MTD and the CID is controlled smoothly.
By the adaptive control, all of the images can be converted constantly into the impressive 3D images.
LSI Imdementation
The new 2D-to-3D conversion LSI is implemented the circuits of realizing the automatic and real-time 2D-to-3D image conversion by the MTD and the CID. Table 1 shows the specifications of this LSI, and Picture 2 shows the photography of the 2D-to-3D conversion LSI chip that is about 300,000 gates embedded array ASIC.
This LSI is designed to be applicable to various input sources such as NTSC, PAL, HDTV and PC graphics signals. This LSI has two kinds of the output signal format, one is the double scanned signal for the glass-use 3D TV and the other is separated signals of the left and the right images for the glass-less 3D display '3].
Furthermore, this implementation realizes to make the 2D-to-3D image conversion board compact and to reduce its cost.
2D-to-3D Conversion Board
The automatic and real-time 2D-to-3D image conversion board has developed for the demonstration of these newly proposed techniques.
Picture 3 shows the flicker-free and the glass-use 3D TV with the 2D-to-3D image conversion board and the light-weighted LCD shutter glasses that is put on the TV. The conversion board size is 160 mm x 95 mm, and its power supply needs about 5W.
The weight of the glasses is about 65g, and its IR-transmitting signal is coded for no interference of the fluorescent lamp.
Conclusion
The new 2D-to-3D image conversion technique with the MTD and the CID realizes to convert any type of visual resources into the 3D images. Furthermore, the 
